Abstract
Introduction
Rapidly, the research activities concerning metal organic frameworks (MOF) based on the lanthanide family are expanding, not only for their fascinating coordination geometry and versatile architecture, but also for their potential utilization as luminescent and sensory materials [1] - [3] . Because of the high coordination nature, controlling the overall frameworks of lanthanide-based coordination polymers, undoubtedly, is a challenge. However, this provides an opportunity for the construction of various MOF with different topologies and specific properties. The coordination compounds containing, aminoguanidine acts as a monodentate, bidentate as well as neutral ligand in many metal complexes. The coordination chemistry of aminoguanidine has been described for few transition metals [4] [5] . This has been established by single crystal X-ray studies on Agun containing complexes with both pt (II) and pd (II) [6] . There has been a significant amount of interest in the chemistry of rare-earth complexes of aminoguanidine with carboxylic acid. The thermal reactivity of aminoguanidine in the complexes is also curious due to its fueling nature. Thus, a variety of metal aminoguanidine complexes has been prepared and investigated by inorganic chemists as coordination compounds.
Our recent interest in Agun began with preparation and thermal degradation of metal complexes of sulphur containing heteroaliphaticdicarboxylic acid, particularly thiodipropionic acid, H 2 S(CH 2 CH 2 COO) 2 . Though several types of binding ability of thiodipropionic acid with transition metals have been demonstrated including spectral studies [7] , there is no report available up to now on the lanthanide complexes of the above acid. In this paper, we report for the first time the synthetical, spectral and thermal studies on trivalent lighter rare-earth complexes of thiodipropionic acid with aminoguanidine.
Experimental

General Remarks
All the materials were reagent grade, obtained from commercial sources and used without purification. Elemental analyses were performed on a Vario-EC III analytical instrument. The melting points were obtained with LABINDIA-Visual melting range apparatus and were uncorrected. IR spectra in the 4000 -400 cm −1 range were measured with a JASCO-320 FT-IR spectrometer using KBr pellet technique. Thermal analyses (under Nitrogenated atmosphere, heating rate of 10˚C/min) were carried out in a Perkin-Elmer SII apparatus. The absorption spectra were recorded on a Perkin-Elmer UV-Vis spectrophotometer, JASCO-FP 630. The XRD spectra were recorded on a Bruker AXS D8 advanced X-ray diffractometer using Cu-kα radiation with nickel filter. Photoluminescence (PL) spectra were obtained on a JASCO-FP 6600 spectroflurometer. The excitation and emission spectra were recorded at ambient temperature.
Preparation of [Ln(Agun) 2 (tdp) 3 •nH 2 O]
The respective metal oxides (e.g., 0.163 g of La 2 O 3 0.001 mol) were dissolved in a 2 N•HNO 3 and evaporated to dryness. To this residue, 30 mL of distilled water was added. An aqueous solution (25 mL) of aminoguanidine bicarbonate (0.004 mol, 0.544 g) was neutralized with thiodipropinic acid (0.004 mol, 0.712 g). To this ligand solution was added slowly to metal nitrate solution with constant stirring. To dissolve the precipitate and to monitor the pH, 2 or 3 drops of 2 N•HNO 3 was added. The resulting solution of pH 4 -6 was concentrated on a water bath to one fourth of its volume. During evaporation, the polycrystalline solids were obtained and which was kept aside at room temperature for a day. The next day, the product was separated out and washed with cold water or ether and air dried. Physico-chemical techniques are the same as described [8] .
All the compounds are obtained poly crystalline solids, which are stable in air and insensitive to light. They are soluble in water and insoluble in common organic solvents like ethanol, acetone and chloroform.
The analytical data of the complexes are compatible with the proposed composition for the complexes ( Table  1) . The general reaction for the formation of the aminoguanidine lanthanide thiodipropionate hydrates may be written as follows.
where, Ln = La, Pr, Nd and Sm; if n = 2. Further, it is observed that the 1:4:4 ratio of lanthanide nitrate, thidipropionic acid and aminoguanidine bicarbonate, respectively, did not yield any desired product, instead only lanthanide thiodipropionate were obtained. 
Infrared Spectra of the Complexes
The N-N stretching frequency of the free aminoguanidine is known to occur in the region 1113 cm −1 [9] . The N-N stretching frequencies ( Table 2 ) observed in the range 1110 -1139 cm −1 is an ample evidence for the presence of coordinated aminoguanidine as a neutral in the complexes. The carbonyl stretching of free acid is observed at 1696 cm −1 . In all the complexes the asymmetric and symmetric stretching frequencies of the carboxylate ions are seen in the range 1560 -1540 cm −1 and 1460 -1440 cm −1 , respectively, with an average separation of (∆v = v asym − v sym ) 100 cm −1 indicating the bidentate coordination of both carboxylate groups [10] in the dianion. All the complexes exhibit a strong band in the region of 650 -760 cm −1 due to C-S stretching of the thioether linkage. All the compounds exhibit strong bands in the range of 3460 -3430 cm −1 due to O-H stretching, confirming the presence of water molecules [10] .
Electronic Spectra of the Complexes
The absorption spectra of the Pr, Nd and Sm were recorded and compared with the data for the corresponding aqua-ions. The spectral profiles of the complexes show not only shifts in positions, but also changes in intensity compared to those of the aqua-ions (Figure 1), i. e., the energies at which the various bands appear are lower. This red shift, which is measure of metal-ligand covalent binding, has been ascribed to the nephelsauxetic (cloud expanding) effect [11] . The absorption band associated with nearly degenerate 4 
Thermogravimetric Analysis
The simultaneous TG-DTA results of the La, Pr, Nd and Sm complexes are similar and all of them under go three stages of weight loss ( Table 3 ) upon heating. The first stage, which occurs in the range 80˚C -200˚C is attributed to the loss of two water molecules. In DTA this loss of water is observed as an endotherm around 200˚C and such slightly high temperature of dehydration confirming the presence of two coordinated water molecules in the complexes. This loss of water is supported by the weight loss in TG. The presence of lattice and coordinated water molecules has been reported [16] . After this the anhydrous compounds loss aminoguanidine exothermically around 200˚C -380˚C to form Ln 2 (tdp) 3 as an intermediate. In DTA, this loss of two molecules each of aminoguanidine seen as a broad exotherm around 380˚C. In the final step, the isomeric thiodipropionates of metal decompose exothermically in the range 380˚C -800˚C to give the respective Ln 2 S 3 as the final residue.
As a representative example, the decomposition reaction of the lanthanum compound, in air are given below on the basis of the mass losses in the TG curve. The simultaneous TG-DTA of the La, Pr, Nd, and Sm compounds are shown in Figure 2 . Our effort to isolate the intermediates was unsuccessful due to their continuous decomposition as evident from the TG. Hence, the probable intermediates have been assigned based on the calculated mass losses.
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where Ln = La, Pr, Nd and Sm.
Powder X-Ray Pattern of the Complexes
The X-ray powder diffraction patterns for the complexes are shown in Figure 3 . From the patterns, it is evident that the La, Pr, Nd and Sm complexes are isostructural. The results IR and thermo analytical studies are in accordance with these isomorphism structural groups.
Photoluminescence Properties
Lanthanide luminescence is demonstrated to be very sensitive to local environments around the lanthanide center [17] . Figure 4 shows the absorption spectra cover the wavelength range in the visible area. The luminescent properties of the three compounds were measured at room temperature. The Ex. Slit and Em. Slit are 2.5 and 5 nm respectively. The shape of UV absorption spectrum and excitation spectrum is basically similar, in addition to the different spectral intensity. The optimum excitation wavelength is around 400 to 590 nm for complexes (a) and (b), respectively, which is mainly derived from the π-π transition absorption of ligand [18] . The praseodymium complex shows the light emission upon excitation at 589 nm. The characteristic luminescent band of the PrIII complex has been recorded at 652 nm, which can be attributed Table 2 . 
Conclusions
Based on the evidences drawn from the analytical, spectral and thermal properties, it is reasonable to propose a structure for the complexes in which aminoguanidine acts as a neutral ligand inside the coordination sphere. Further, in most of the metal thiodipropionate carboxylates [7] , it has been proved crystallographically that the thiodipropinic carboxylate moiety is bridging the two metal ions by chelation through carboxylate oxygen atom leading to two dimensional chain structures. Thus, it is concluded that in these complexes also each thiodipropionic carboxylate moiety is acting as a pentadentate bridging ligand leading to two dimensional polymeric structures. The ninth coordination is being satisfied by a water oxygen atom.
Further, the infrared spectral results and the poor solubility of these compounds in polar and non-polar solvents are in contermity with the polymeric structure [20] . These complexes may be used as precursors to fine particle metal sulphide due to their low temperature of decomposition. Photoluminescence measurements indicate that the praseodymium, neodymium compound was yellow emitters, and the samarium complex shows orange light emission in the solid state at room temperature. This work may offer a feasible strategy for rational combinations of different connectivities within a net structure, and may also enrich the family of lanthanide chemistry.
